This paper examines the effects of multimarket high-frequency trading (HFT) activity on liquidity co-movements across different markets. Multimarket trading by HFTs connects individual markets in a single network, which should induce stronger network-wide liquidity co-movements. We use the staggered introduction of an alternative trading platform, Chi-X, in European equity markets as our instrument for an exogenous increase in multimarket HFT activity. Consistent with our predictions, we find that liquidity co-movements within the aggregate network of European markets significantly increase after the introduction of Chi-X and even exceed liquidity co-movements within the home market. They are especially strong in down markets and for stocks with a higher intensity of HFT trading in the post-Chi-X period.
Introduction
There are numerous benefits to high-frequency trading. Substantial academic literature confirms that, by acting competitively and processing information more efficiently, high-frequency traders (HFTs) generally improve market quality. They increase market liquidity (Brogaard 2010, Jovanovic and Menkveld 2016) , reduce short-term volatility, at least during normal market conditions (Hasbrouck and Saar 2013, Hagströmer and Nordén 2013) , and contribute positively to price discovery (Brogaard, Hendershott, and Riordan 2014) . They reduce the trading costs of retail traders (Malinova, Park, and Riordan 2016) , keep fragmented markets virtually consolidated (Menkveld 2013) and might even increase social welfare (Jovanovic and Menkveld 2016) .
The various benefits generated by HFTs should not however overshadow potential risks, created by these market participants. In addition to an increase in adverse selection costs for other traders (Biais, Foucault, and Moinas 2015; Foucault, Kozhan, and Tham 2017) , and the likely contribution of HFTs to high volatility during the Flash Crash (Kirilenko et al. 2017 ; Easley, López de Prado, and O'Hara 2011), the July 2011 International Organization of Securities Commissions (IOSCO) Technical Committee report emphasizes the effect HFT activity might potentially have on the transmission of extreme shocks across different markets and asset classes. 1 In their theoretical paper, Cespa and Foucault (2014) show that cross-asset learning leads to liquidity spillovers across asset classes, and a small drop in liquidity of one asset can even cause a marketwide liquidity crash. Bongaerts and Van Achter (2016) model implications of HFT for market stability to show that the combination of their superior speed and information processing skills leads to oligopolistic rents and occasional market freezes. Surprisingly, empirical evidence on transmission of liquidity shocks by HFTs is rather scarce. 2
In this paper, we examine the effect of multimarket HFT activity on systematic liquidity comovements of stocks across different markets. Following Chordia, Roll, and Subrahmanyam (2000) , 1 
See Section 3 of the July 2011 IOSCO Technical Committee report "Regulatory Issues Raised by the Impact of Technological Changes on Market Integrity and Efficiency".
2 To the best of our knowledge, there are currently only two empirical papers that examine systemic risks, potentially generated by HFTs. Jain, Jain, and McInish (2016) analyze changes in systemic risk measures, caused by HFTs, on a single market, Tokyo Stock Exchange, as opposed to transmission of shocks across several markets. Ben-David, Franzoni, and Moussawi (2012) show that arbitrage activity between ETFs and their underlying securities, which can be potentially attributed to HFTs, can propagate shocks across these two asset classes.
we analyze co-variations of the stock's liquidity with the aggregate market liquidity and refer to these co-variations as commonality in liquidity. High-frequency traders share similar algorithms (Chaboud et al. 2014 , Benos et al. 2015 , which can lead to excess co-movements in their demand and supply, and consequently, to commonality in liquidity across stocks even within the same market. 3 However, HFTs often engage in trading across multiple markets, which essentially connects these markets in a single network and might facilitate cross-market liquidity spillovers. 4 Specifically, we hypothesize that multimarket HFT activity induces stronger commonality in liquidity for stocks traded within the aggregate network of markets, even after controlling for their liquidity co-movements within their home market.
Findings from prior studies suggest that stock liquidity co-movements can arise both through demand (Koch, Ruenzi, and Starks 2016, Kamara, Lou, and Sadka 2008) and supply channels (Coughenour and Saad 2004) . As liquidity demanders, HFTs engage either in cross-market arbitrage strategies to exploit temporary mispricings between two markets, or directional trading strategies, to quickly trade on new information (Baron et al. 2016) . In either case, excess co-movements in their demand can cause stronger commonality in liquidity across stocks, simultaneously traded by their algorithms. As liquidity suppliers, HFTs act as market makers, posting and monitoring quotes across multiple venues (Menkveld 2013) . Since HFTs usually make markets in several assets, correlated fluctuations in their inventory levels can also induce stronger liquidity co-movements across stocks in their inventory portfolios.
We use the staggered entrance of Chi-X, an alternative platform for trading European equities, as an instrument for an increase in multimarket high-frequency trading activity. Two main competitive advantages of Chi-X at the time of its introduction, compared to national stock exchanges, are its lower execution fees, and its 22 to 84 times faster speed of order processing. Both of these features should arguably attract high-frequency traders. Jovanovic and Menkveld (2016) and Menkveld (2013) indeed find that one large HFT takes part in 70-80% of Chi-X trades for Dutch and Belgian index stocks, and almost 10% of all trades for these stocks on their home market, 3 Prior studies by Huh (2011) and Boehmer and Shankar (2014) analyze the impact of algorithmic traders on the co-movement of liquidity and order flow within US and Indian equity markets, respectively. 4 In their model, Lescourret and Moinas (2015) formally show that multimarket liquidity provision makes the liquidity of two markets interconnected. Tomio (2016) shows theoretically and empirically how multimarket arbitrage activity can contribute to the convergence of individual stock's liquidity between the two markets.
Euronext. Essentially, it is acting as a multimarket liquidity provider, with 4 in 5 of its trades being passive in both markets. Importantly, Menkveld (2013) also shows that Chi-X market shares jump above 10% with the entry of this HFT, and drop almost to zero on days when it is absent from the market.
Since trading of European major index stocks on Chi-X was introduced in several phases, it allows us to clearly identify the causal effect of multimarket HFT activity on the systematic liquidity co-variations of stocks across European equity markets. Variation in Chi-X entry times into 11 different markets in our sample should alleviate valid concerns about general time trends in commonality in liquidity, or any potential effects of the financial crisis. Further, for the staggered introduction of Chi-X to be a valid instrument, it must satisfy the exclusion restriction, i.e. its entry dates must not be related to contemporaneous changes in systematic stock liquidity co-movements other than through the effect of HFT activity. However, such a relation is rather unlikely, since it would mean that Chi-X was able to accurately predict changes in systematic liquidity co-movements of stocks traded across 11 European markets. Importantly, the introduction of Chi-X makes it easier to simultaneously engage in fast trading of all major European equities on a single trading platform, hitherto not possible at a comparable speed. Even though Chi-X might be a primary trading platform for HFTs, multimarket HFT trading activity between Chi-X and home markets makes the liquidity of multiple European markets interconnected, potentially inducing stronger liquidity co-movements within the aggregate network of European markets. 5
To test our hypothesis, we derive two empirical predictions. First, if multimarket HFT activity induces stronger commonality in liquidity within the network of European markets, then we expect an increase in the stock's liquidity co-movements with the aggregate liquidity of the European market after the introduction of Chi-X. In the following, we refer to these co-movements as EU liquidity betas. Our second prediction is that EU liquidity betas should be higher for stocks with a more intense HFT trading in the post-Chi-X period.
5 Note that correlated trading strategies of other traders, e.g., institutional investors, could also potentially induce stronger commonality in liquidity across different markets. However, these traders are less likely to engage in multimarket trading, which requires quick and simultaneous monitoring of several limit order books. By contrast, HFTs heavily invest in multimarket monitoring technology: e.g., Van Kervel (2015) empirically shows that executed trades of fast traders on one venue are followed by sizable cancellations on competing venues.
We test the two empirical predictions on the sample of 445 major European index stocks from 11 countries over the period from January 2004 to December 2014. Our results provide supporting evidence that commonality in liquidity within the aggregate network of European markets is significantly stronger after Chi-X introduction. Importantly, European-wide liquidity co-variations become more important than co-variations with the home market in the post-Chi-X period. Further, EU liquidity betas are especially high in down markets and, consistent with our second prediction, increase more for stocks with a more intense HFT market making activity. Overall, our findings suggest that multimarket HFT activity induces stronger liquidity co-movements across European markets by connecting them in a single network. Indeed, liquidity co-variations with home markets seem to have lost their significance in recent years, as each market now represents just a part of a greater system.
Understanding liquidity risks arising from multimarket HFT trading activity is important for policymakers, institutional investors, firms and virtually all market participants. Stronger covariations in aggregate European liquidity make propagation of liquidity shocks easier across markets, increasing the risk of contagion and threatening the stability of global financial markets.
Negative liquidity shocks are of special concern during crisis periods, because they imply higher transaction costs and the inability to trade assets quickly without large impact on their prices.
The details of our research design and main findings are as follows. We start with the analysis of home liquidity betas, estimated as the sensitivity of the stock's liquidity to the aggregate liquidity of the corresponding home market index (e.g., FTSE 100 for UK stocks) from Chordia et al.'s (2000) model. We use 5-minute relative spreads as our benchmark measure of liquidity. Consistent with prior studies of Huh (2011) and Boehmer and Shankar (2014) , we find that home liquidity betas significantly increase in the post-Chi-X period, suggesting that correlated strategies of HFTs, trading between Chi-X and the home market, induce stronger liquidity co-movements of stocks in the same country.
In the next step, we examine EU liquidity betas, by adding fluctuations in liquidity of the FTSE Eurofirst 100, a pan-European index, to the model. 6 Consistent with our first prediction, 6 Note that we exclude all stocks that are traded in the corresponding home market from the pan-European index to ensure that EU liquidity betas are not anyhow affected by the liquidity co-variations with the home market.
EU liquidity betas significantly increase by almost 40%, relative to their mean level in the pre-Chi-X period. We use Scandinavian stocks that are not part of Eurofirst 100 as our control group, and in line with expectations, we do not find any evidence of significantly higher EU liquidity betas for these stocks. After we control for liquidity co-movements with the aggregate European market, an increase in home liquidity betas drops by almost half and is overall lower, as compared to an increase in EU liquidity betas. For a group of major European countries, including the UK, Germany and France, home liquidity betas actually drop in the post-Chi-X period. Overall, our findings suggest that European-wide liquidity co-variations have become stronger than co-variations within the home market following an increase in multimarket high-frequency trading activity. Additionally, subperiod splits show that liquidity co-variations with the aggregate European market are especially high in down markets, implying that multimarket HFT activity makes European equity markets more susceptible to the transmission of liquidity shocks during crisis periods.
We then test for cross-sectional differences in EU liquidity betas, which might arise due to differences in the intensity of multimarket high-frequency trading in the post-Chi-X period. We use two proxies to measure the intensity of HFT activity, the Chi-X market share and the Multimarket Trading measure of Halling, Moulton, and Panayides (2013) . We use the Chi-X market share as our proxy for liquidity supplying HFT activity, based on empirical evidence from Menkveld (2013).
By contrast, the Multimarket Trading measure rather captures liquidity demanding HFT activity.
We observe a larger increase in EU liquidity betas for stocks with larger Chi-X market shares, but not for stocks with higher measures of Multimarket Trading, indicating that stronger liquidity co-movements within the network of European markets in the post-Chi-X period are mostly driven by HFTs engaging in market making activity across multiple venues.
We further conduct robustness checks of our main analyses with two daily liquidity measures, the daily relative spread and the Amihud measure, because co-movements on the daily basis might be of higher importance to institutional and retail investors. We find that all our main results hold and are even stronger for the daily relative spread. We can therefore conclude that stronger intraday liquidity co-movements in the post-Chi-X period also aggregate to the daily level.
Our paper contributes to the ongoing debate on potential systemic risks, generated by highfrequency traders. Jain, Jain, and McInish (2016) use the introduction of a low-latency platform Arrowhead on the Tokyo Stock Exchange as an instrument for an increase in high-frequency trading, and find that correlated trading by HFTs may increase auto-and cross-correlation in limit orders as well as Adrian and Brunnermeier's (2011) measure of systemic risk (CoVaR). In related papers, Huh (2011) and Boehmer and Shankar (2014) examine the impact of algorithmic traders on the co-movement of liquidity and order flow separately for the US and the Indian equity market. Our study differs in two respects. First, we provide empirical evidence that HFT activity is likely to propagate liquidity shocks not only within stocks traded on the same market, but also within the aggregate network of markets. Further, we conduct a long-term study over a 10-year period, as opposed to the sample periods of less than one year in previous studies.
Our paper further adds to the literature on commonality in liquidity (Chordia, Roll, and Subrahmanyam 2000, Huberman and Halka 2001) and its sources (Coughenour and Saad 2004 , Kamara, Lou, and Sadka 2008 , Koch, Ruenzi, and Starks 2016 . Karolyi, Lee, and van Dijk (2012) is a pioneering cross-country study that analyzes commonality in returns, liquidity and turnover in a sample of 40 developed and emerging countries. Importantly, their analysis documents the existence of strong liquidity co-movements of stocks within their home markets for all countries in their sample. Extending their results, we show that, following a rise in multimarket HFT trading activity, liquidity of a stock also systematically co-varies with the liquidity of the aggregate market network, and that these co-variations can even exceed its co-variations with the home market.
Lastly, we extend the literature on multimarket trading by analyzing the implications of multimarket high-frequency trading activity on potential liquidity risks. In contrast, the main focus of previous studies is either examining determinants of multimarket trading activity (Pulatkonak and Sofianos 1999 , Halling et al. 2008 , Baruch, Karolyi, and Lemmon 2007 , Menkveld 2008 or studying its effects on liquidity levels through demand (Halling, Moulton, and Panayides 2013) Chi-X is also the first pan-European trading platform, enabling simultaneous trading of all major European equities on a single venue. Figure 1 demonstrates how Chi-X serves as a connection link for individual European markets on an example of LSE and Euronext Paris. Importantly, the entry of Chi-X into European equity markets was staggered in several phases. German (DAX30) 7 There are many definitions for "latency". In this paper latency is defined as the time needed by the exchange trading engine to process a round-trip transaction.
8 Even though their trading fees reduced over time, they remain substantially higher than 0.30 bps, charged by Chi-X. For example, LSE currently charges 0.45 bps for the first £2.5 bn of orders executed.
9 He, Jarnecic, and Liu (2015) provide a detailed overview of fee structures and latencies of European national stock exchanges at the time of the introduction of Chi-X. Chi-X market shares were initially low, but had increased to levels above 10% for the UK, France, Germany and the Netherlands by the end of 2008. By the beginning of 2010, they were already above 20% for these countries and started crossing the 10%-threshold for later entrants, such as Belgium, Sweden and Finland. Figure 3 and Table 1 present quarterly averages of Chi-X market shares by country. In 2011, Chi-X was taken over by BATS, a competitor MTF, resulting in its name change to BATS Chi-X Europe. However, the company still operates two separate limit order books: BATS CXE (Chi-X) and BATS BXE (BATS), which mainly differ in their fee structures.
[Insert Figure 3 and Table 1 
Identification Strategy
In our analysis, we use Chi-X entry as an instrument for an increase in multimarket high-frequency trading activity. For our instrument to be valid, it should be positively correlated with an increase in high-frequency trading. Indeed, several prior studies show that its reduced latency and rebates on liquidity provision attract high-frequency traders, especially those pursuing market making strategies. Jovanovic and Menkveld (2016) and Menkveld (2013) empirically analyze the entry of one large HFT trading Dutch and Belgian index stocks both in Chi-X and NYSE Euronext, the incumbent market. Specifically, Menkveld (2013) finds that around 80% of HFT trades are passive in both markets, i.e., it is essentially acting as a multimarket liquidity provider. Importantly, he shows that the HFT takes part in 70-80% of all Chi-X trades and almost 10% of all Euronext trades, which further supports the validity of our instrument. Chi-X market shares jump above 10% only with the entry of this large HFT, several months after the initial launch of Chi-X, and drop almost to zero on days when the HFT is absent from the market. Based on this evidence, we use the quarter when the average Chi-X market share for stocks in a country reaches the 10% threshold as the treatment quarter in our analysis. He, Jarnecic, and Liu (2015) analyze determinants of Chi-X market shares for major European, Japanese and Australian stock indices. Their results confirm that Chi-X market shares are larger for stocks in countries in which the advantages to high-frequency traders are greater when compared to corresponding national stock exchanges: relatively lower latency and lower trading fees for liquidity providers result in higher Chi-X market shares for stocks in these countries. Consistent with prior studies on HFT (Hendershott and Moulton 2011 , Hasbrouck and Saar 2013 , Jovanovic and Menkveld (2016 , Hagströmer and Nordén 2013), they further show that the introduction of Chi-X leads to a significant reduction in bid-ask spreads, thus improving overall market liquidity.
Importantly, the staggered introduction of Chi-X allows us to clearly identify the causal effect of multimarket HFT activity on systematic stock liquidity co-movements. Two valid concerns could be that our results are driven by general time trends in liquidity commonality, or are induced by an ongoing financial crisis. Arguably, the variation in Chi-X entry times across 11 countries in our sample reduces the influence of these concurrent effects and alleviates the above concerns. Our setup is similar to Hendershott, Jones, and Menkveld (2011) , who use the staggered introduction of NYSE Autoquote as an instrument for an exogenous increase in algorithmic trading. Specifically, they use variation in the Autoquote phase-in schedule across NYSE stocks to identify the causal effect of algorithmic trading by comparing the liquidity of autoquoted stocks to the not yet autoquoted stocks in their sample. In our setup, we compare systematic liquidity co-movements for stocks already traded on Chi-X to those that have not started their trading yet, which essentially corresponds to difference-in-differences methodology.
Lastly, for the staggered introduction of Chi-X to be a valid instrument, it must satisfy the exclusion restriction, i.e., it should not be correlated with the error term in the explanatory equation.
In other words, Chi-X entry dates must not be related to contemporaneous changes in systematic stock liquidity co-movements other than through the effect of HFT activity. We argue that such correlation with the error term is rather unlikely, since it would mean that Chi-X chooses its entry dates strategically and is able to accurately predict an increase in systematic liquidity co-movements across different countries. Further, we do not find any significant deviations of systematic stock liquidity co-movements from their unconditional means in the quarter preceding the introduction of Chi-X, which provides additional support for the exogeneity of our instrument.
Data and Sample Construction

Sample Construction
We download the composition of main European stock indices over the period January 2004 -December 2014 from the Thomson Reuters Tick History (TRTH) database. Countries covered in this paper are Belgium, Denmark, Finland, France, Germany, Italy, the Netherlands, Norway, Spain, Sweden, and the United Kingdom. Table 2 lists the corresponding index for each country.
Our initial sample consists of all stocks that constitute these indices during our sample period. If the composition of an index changes, we keep both old and new index constituents for the entire sample period to keep the number of firms in our sample constant.
We concentrate our analysis on the main European stock indices for two reasons. First, at the time of the introduction of Chi-X to each country, it is possible to trade only this country's main index constituents, with mid-cap and other stocks starting their trading only later on the Chi-X platform. Second, constituents of main indices represent the largest and the most liquid stocks in each country, which should encourage the active participation of high-frequency traders. Panel A of Table 2 reports the number of distinct firms and Panel B the number of firm-month observations for each country.
[Insert Table 2 approximately here]
The initial sample consists of 539 firms. In the first step, we filter out Reuters Instrument Codes (RICs) that appear to be erroneously reported as an index constituent by TRTH (Filter 1). 11 Appendix B provides details of our data cleaning procedure. We further require the stock price to be greater than £2 at the end of the previous trading day for UK stocks, and greater than €2 for other European stocks (Filter 2). 12 Lastly, we require the stock to be traded for at least 1,000 different 5-minute intervals in a given month. Excluding the stocks that do not satisfy the criteria above leaves 445 firms and 50,278 firm-months in our final sample.
Measuring Liquidity
Given that high frequency traders have relatively short trading horizons, we opt for the 5-minute quoted relative spread as the benchmark measure in our analysis. 13 Formally, we calculate the quoted relative spread, qspread, as
where A i,t is the ask price and B i,t the bid price prevalent for stock i on its primary exchange at the end of the 5-minute interval t. We delete observations with negative spreads or spreads exceeding 20%, and winsorize the upper and lower 1% of the qspread distribution to avoid outliers.
Following Chordia, Roll, and Subrahmanyam (2000), we calculate first differences of the relative quoted spread, qspread, to capture fluctuations in intraday liquidity. 14 We further standardize qspread by the time-of-the-day mean and standard deviation to account for well-documented intraday patterns of bid-ask spreads. 15 Specifically, for stock i and interval t, qspread i,t is standardized by the monthly mean and standard deviation of qspread estimated for stock i in the corresponding hour h across all days.
Arguably, liquidity co-variations on a daily basis might be more important for lower-frequency traders, such as institutional and retail investors. With short trading horizons of high frequency traders, it is ex ante not clear whether stronger intraday liquidity co-variations also aggregate to the daily level. Therefore, we also present results for daily closing bid-ask spreads and the Amihud measure of liquidity in our section with robustness checks. 16 We calculate the Amihud (2002) measure, illiq, for stock i on day d as the ratio of the absolute daily stock return, |R i,d |, to the daily euro (pound) volume traded (in millions), DV ol i,d , on the stock's primary exchange:
. Following Amihud (2002), we winsorize the upper and lower 1% of the illiq distribution to avoid outliers. 17 Importantly, we find even stronger liquidity co-variations on the daily level in the post-Chi-X period, which suggests that intraday liquidity co-variations indeed aggregate to the daily level. Table 3 15 McInish and Wood (1992) are the first to document a reverse J-shaped pattern in intraday spreads, which might falsely lead to excess co-movements in spreads at the beginning and at the end of the trading day. To avoid this bias, Huh (2011) and Boehmer and Shankar (2014) also standardize intraday spreads with their time-of-the-day mean and standard deviation.
Summary statistics
16 Results with equally-weighted average spreads, calculated over all 5-minute intervals during the day, are qualitatively similar.
17 As in other studies, e.g., Koch, Ruenzi, and Starks (2016) , we scale illiq by the factor 10 6 to obtain meaningful numbers (our daily euro/pound volume traded is in millions).
[Insert Table 3 approximately here] As expected, all our sample stocks are generally large, with the average market capitalization of €15.8 billion. Market capitalization varies across different countries, with our smallest stocks located in Belgium and Norway (€4.7 and €5.8 billion, respectively) and our largest stocks in Germany and France (€25.4 and €28.8 billion, correspondingly).
The average relative spread constitutes 0.22% in the total sample. German and French stocks are the most liquid, with a spread value of 0.10-0.11%, around half as large as the sample average. Chaboud et al. (2014) and Benos et al. (2015) document that trading strategies of algo-and highfrequency traders are correlated across stocks, which can lead to correlated buy or sell pressure, and, therefore, to excess co-movements in stocks' liquidity. In this section, we empirically test whether HFTs induce stronger liquidity commonality across stocks traded in different markets, using the staggered entrance of Chi-X in Europe as our instrument for an exogenous increase in HFT activity.
HFT Activity and Liquidity Co-variations
Based on the predictions of Lescourret and Moinas (2015), multimarket trading of HFTs between
Chi-X and their home market should make the liquidity of the two markets interconnected, and thus facilitate cross-market liquidity spillovers. To start, we examine liquidity co-movements with the aggregate liquidity of the home market (Section 4.1). If HFTs induce stronger commonality in liquidity, we expect these co-movements to increase after the introduction of Chi-X trading in each country. We next turn to the analysis of liquidity co-movements with the aggregate liquidity of the European market, additionally controlling for fluctuations in home market liquidity (Section 4.2). Since Chi-X enables simultaneous trading of all major European equities on a single trading platform, previously not possible at a comparable speed, we expect the liquidity of stocks to co-vary more strongly with the aggregate European liquidity after the introduction of Chi-X. We further test whether European-wide commonality in liquidity is stronger in down markets and for stocks with higher intensity of HFT trading in the post-Chi-X period (Section 4.3).
Liquidity Co-variations in the Home Market: Pre-vs Post-Chi-X
Similar to Koch, Ruenzi, and Starks (2016) , we conduct our analyses of liquidity co-variations in two steps. In the first step, we estimate the stock's liquidity co-variations with the aggregate liquidity of its home market. In the second step, we test whether these liquidity co-variations are stronger after the introduction of Chi-X trading in each country.
Estimating liquidity co-variations. For each stock and each month, we estimate the stock's liquidity co-variations with the aggregate liquidity of its home market from the market model of liquidity, employed by Chordia, Roll, and Subrahmanyam (2000) . Specifically, we run time series regressions of ∆qspread i,t,d on the change in the home market illiquidity, ∆qspread Home,t,d , for all 5-minute intervals t and all trading days d in a given month:
As in Kamara, Lou, and Sadka (2008) and Koch, Ruenzi, and Starks (2016) , we calculate ∆qspread Home,t,d as the cross-sectional value-weighted average of ∆qspread j,t,d for all stocks in the home country index (e.g., FTSE100 for UK stocks) with j = i. 18 Our main coefficient of interest is β i,Home , which captures the sensitivity of the stock's liquidity to the aggregate home market liquidity, or its systematic liquidity co-movement with the home market. In the following, we refer to β i,Home as home liquidity beta.
[Insert Figure 4 approximately here] Even though all these factors undoubtedly contribute to variation in liquidity betas, our aim is to separate the effect of multimarket HFT activity from other concurrent events. To this end, we use the staggered entry of Chi-X into European financial markets as our instrument for an exogenous increase in HFT activity, and compare home liquidity betas in the pre-and post-Chi-X periods in the next step.
Home liquidity co-variations: Pre-vs Post-Chi-X. We first start with the univariate analysis of the pre-and post-Chi-X home liquidity betas. For each country, Table 4 reports the averages of liquidity betas across all stocks and months in our sample, separately in the pre-and post-Chi-X periods. We further report the difference in liquidity betas between the two periods,
Dif f , and test whether it is significantly different from zero.
[Insert Table 4 approximately here]
Our benchmark definition of the post-Chi-X period is based on the month, when the average Chi-X market share for a given country index reaches 10%. Our reasons for choosing the 10% cutoff as our benchmark are twofold. First, we would like to ensure that there is a substantial amount of trading in the index constituents on the Chi-X platform. Indeed, Table 1 shows that when Chi-X is initially introduced in a country, its market share is usually at most 1%. It takes around one year for most of the countries to reach a market share of 10%, with Norway, Denmark and Spain taking exceptionally long -around three years after the initial introduction of the Chi-X platform. Our second reason for choosing the 10% cutoff point is based on empirical evidence from
Menkveld (2013), who finds that the Chi-X market share for Dutch stocks jumps above 10% only with the entry of a multimarket high-frequency trader. We provide further robustness checks of our definition of the post-Chi-X period in Section 5.
From Table 4 , we observe that the average post-Chi-X home liquidity beta increases by 0.27, from 0.19 to 0.46, and this increase is statistically significant at the 1% level. This finding provides the first empirical evidence consistent with our hypothesis that HFT activity induces stronger liquidity co-movements in the home market. Importantly, we observe a significant increase in home liquidity betas for all countries in our sample. Home liquidity betas in the UK, Germany and
France increase by 0.28-0.30. The highest increase of 0.38 is observed for Swedish stocks and the lowest increase of 0.07-0.08 for Norwegian and Danish stocks, which can potentially be explained by the prolonged time period that Norway and Denmark take before their Chi-X market shares reach a significant level of 10%.
In the next step, we test our prediction in the multivariate setup, controlling for stock characteristics, time-and country-fixed effects. Specifically, we run a panel OLS regression of β Home , estimated for each stock i in month m, on the dummy variable, P ost, which equals 1 for all months after the country's Chi-X market share reaches 10%, and is zero otherwise. The vector of standardized control variables includes the log of market capitalization at the end of the previous month, ln(f irm size) i,m−1 ; the average 5-minute quoted spread, calculated over the previous month, qspread i,m−1 ; the year-fixed, Y F E, and country-fixed effects, CF E. 19 We allow standard errors to cluster at the firm level in order to account for cross-sectional dependence. Our specification is as follows:
The inclusion of year-fixed effects eliminates shocks to the systematic liquidity co-movements that are common to all countries, whereas country-fixed effects control for general levels of home liquidity betas within each country. Therefore, given the year-and country-fixed effects, our identification stems from cross-country variation in the P ost dummy: we compare systematic liquidity co-movements for index stocks that have already started their trading on the Chi-X platform (and have reached a 10% market share) to those that are not traded yet, and thus represent the control group in the current month. For unrelated shocks to affect our results, they would have to be correlated with Chi-X entry dates across all countries in our sample, which, in our view, is rather unlikely. 20
[Insert Table 5 approximately here]
Model (1) of Table 5 reports results for the total sample. Consistent with our expectations, home liquidity betas significantly increase on average by 0.07 after the introduction of Chi-X, which represents a 37% increase relative to their mean of 0.19 in the pre-Chi-X period. This 37% increase is both statistically and economically significant. Our control variables also display expected signs:
larger stocks and stocks that are more liquid exhibit in general stronger systematic co-movements with aggregate home market liquidity, consistent with prior findings of Kamara, Lou, and Sadka (2008) and Koch, Ruenzi, and Starks (2016) .
Models (2) to (4) present results for subsample splits across different countries. To conserve space, we pool 11 individual countries into three country groups, based on their Chi-X entry times.
Model (2) reports our findings for the first group of major European countries, the indices of which started trading on Chi-X soon after its entry in 2007: the UK, France, Germany, the Netherlands and Belgium. 21 Surprisingly, we do not observe any significant increases in home liquidity betas for this country group, after we control for size, liquidity, year-and country-fixed effects. In contrast,
we find a significant increase of 0.05 in home liquidity betas of four Scandinavian countries, which started trading on Chi-X in the first two quarters of 2008 (our second country group). Given their average pre-Chi-X home liquidity betas of 0.04-0.06, an increase of 0.05 suggests that liquidity co-movements with the home market have doubled for Scandinavian stocks. Model (4) shows an even more significant increase of 0.14 in home liquidity betas for our third group, consisting of Italy and Spain, which start trading on Chi-X in the last two quarters of 2008.
20 Our specification is similar to that used by Christensen, Hail, and Leuz (2011) to identify the causal effects of the staggered introduction of Market Abuse and Transparency Directives on liquidity levels in European countries. Our setup is also close to Hendershott, Jones, and Menkveld (2011) , who use the staggered introduction of NYSE Autoquote as an instrument for an exogenous increase in algorithmic trading.
21 Note that Belgian stocks started trading on Chi-X only later, in mid-2008. However, we still choose to include them in the first group, since its national exchange, Euronext Brussels, is a part of the Euronext trading platform, also used in France (Euronext Paris) and the Netherlands (Euronext Amsterdam). All results remain robust if we exclude Belgium from the first country group.
We further test whether liquidity co-movements with the home market are stronger in up or down markets in the post-Chi-X period. To this end, we split the time series of each country's index return into terciles, and classify months in the top tercile of index return as up markets and those in the bottom tercile as down markets. Models (5) and (6) show significant increases in post-Chi-X home liquidity betas, both for down and up markets, correspondingly. Interestingly, increases in liquidity co-movements in the up markets of 0.11 are stronger, when compared to the increases in the down markets of 0.03. Overall, these findings suggest that HFTs can transmit both negative and positive liquidity shocks in home markets. However, they seem to be more active in the up markets, as liquidity levels generally improve with many noise traders entering the rising market.
European-wide Liquidity Co-variations: Pre-vs Post-Chi-X
Estimating liquidity co-variations in the European market. To examine liquidity comovements with the aggregate European market, we add fluctuations in the European market illiquidity, ∆qspread EU,t,d , to equation (1). We calculate ∆qspread EU,t,d as the cross-sectional value-weighted average of ∆qspread k,t,d for all FTSE Eurofirst 100 index constituents, excluding stock i and all stocks j that belong to the home market index, k = i and k = j:
β i,EU now captures the sensitivity of the stock's liquidity to the aggregate European liquidity, after controlling for its liquidity co-movements with the home market, β i,HomeExclEU . We refer to β i,EU as EU liquidity beta.
We choose FTSE Eurofirst 100 as our proxy for the aggregate European market, because it is a pan-European index, which consists of the 60 largest European companies ranked by market capitalization, and 40 additional companies chosen on the basis of their size and sector representation by the FTSE Group. Table 6 presents the composition of FTSE Eurofirst 100 during our sample period.
[Insert Table 6 approximately here]
We aggregate all statistics on the country level and report country codes in the first column.
The second column shows the number of distinct companies in each country that represent a part of the index. As with home country indices, if the composition of Eurofirst 100 changes, we keep both old and new index constituents for the entire sample period to avoid any biases, such that the total number of companies in the index increases to 127 over 2004-2014. We report the average daily number of shares (in thousands) and euro volume (in millions) of index constituents traded in each country in the third and fourth columns, respectively. The last column displays the daily euro volume of index constituents for each country as a percentage of the total daily Eurofirst volume. 22
Around one third of total Eurofirst volume can be attributed to UK stocks, another 20% to French stocks and around 15% to German stocks. Italy and Spain also have quite considerable shares, with around 10% each. The shares of the remaining countries, the Netherlands, Belgium and Finland, are either close to or below 5%. Note that, apart from 3 Finnish stocks, Scandinavian countries are not a part of Eurofirst 100. We exploit this feature in our future tests, using Scandinavian countries as our control group. Indeed, we would not expect the liquidity of Scandinavian stocks to co-vary with Eurofirst 100, if these stocks are not a part of the index. Further, we repeat all our analyses with STOXX ALL EUROPE 100, an alternative pan-European index, and find that our results remain robust (not tabulated).
[Insert Figure 5 approximately here] European-wide liquidity co-variations: Pre-vs Post-Chi-X. To examine the effect of multimarket HFT activity on European-wide liquidity co-variations, we first compute the difference between average pre-and post-Chi-X EU liquidity betas. Our univariate tests show that the average post-Chi-X EU liquidity betas increase by 0.18, from 0.15 to 0.33, and this increase is statistically significant at the 1% level. We do not report these results, but they are available upon request.
In the next step, we re-estimate our specification from equation (2) with β i,EU as the dependent variable, again controlling for firm size, average relative spread, year-and country-fixed effects.
Panel A of Table 7 reports the results. It has the same layout as Table 5 , presenting results first for the total sample, followed by subsample splits for three country groups and for subperiods of down and up markets.
[Insert Table 7 approximately here] Consistent with univariate results, post-Chi-X EU liquidity betas significantly increase by 0.056 for our total sample, which represents a 37% increase relative to their mean level of 0.15 in the pre-Chi-X period. Importantly, this increase is driven mainly by stocks in our first (GB, FR, DE, NL, BE) and third (IT, ES) country groups. By contrast, Scandinavian countries do not display any significant increase in their liquidity co-variations with the aggregate European market in the post Chi-X period. These findings are consistent with our expectations, because stocks from the first and third groups contribute to a considerable amount of the total Eurofirst volume traded, whereas Scandinavian countries are not a part of this index and represent a control group in our setup.
Panel B shows the corresponding results for home liquidity betas, estimated after additionally controlling for EU liquidity betas from equation (3), β i,HomeExclEU . For brevity, we report coefficients only on our main variable of interest, P ost, but all regressions also include controls, yearand country-fixed effects. The coefficient on P ost for home liquidity betas drops by more than half, from 0.07 to 0.033, after controlling for EU liquidity betas. This result suggests that liquidity co-variations with the home market become actually less important in the post-Chi-X period, after we control for liquidity co-movements with the aggregate European market. For our first country group (GB, FR, DE, NL, BE), liquidity co-variations with the home market even drop significantly in the post-Chi-X period (Model 2). The insignificant coefficient on P ost from Table 5 for these countries can thus be decomposed into significant increase in EU liquidity betas and a simultaneous decrease in home liquidity betas. For Scandinavian countries, representing our control group, home liquidity betas are still significantly higher in the post-Chi-X period, consistent with our previous results from Table 5 . Interestingly, for Italy and Spain, home liquidity betas also increase in the post-Chi-X period, which suggests that both EU and home liquidity co-variations become stronger for these countries in recent years.
The last two columns of both panels present results for subperiods of down and up markets, correspondingly. EU liquidity betas are significantly higher both in down and up markets in the post-Chi-X period, with a higher coefficient of 0.071 for down markets. In contrast, home liquidity betas increase significantly only in up markets. These findings suggest that with a rise in multimarket HFT activity European-wide liquidity co-variations dominate co-variations with the home market during crisis periods. We observe similar results in Figure 5 . Consistent with our multivariate analysis, EU liquidity betas increase during the financial crisis of 2008-2009, whereas home liquidity betas simultaneously drop over this period.
Overall, our findings suggest that European-wide liquidity co-variations have become more important with an increase of multimarket high-frequency trading, which essentially connects different markets in a single network system. Importantly, they are significantly higher than covariations with home market liquidity during downturn periods. Stronger European-wide liquidity co-variations in down markets should be of great concern for investors and regulators, since they imply that equity markets are now more susceptible to transmissions of negative liquidity shocks in periods when such shocks are more likely to occur.
Intensity of HFT Trading Activity and Liquidity Co-variations
Our analyses so far suggest that an exogenous increase in multimarket HFT activity leads to stronger liquidity co-movements across European markets. In this section, we conduct tests to examine heterogeneity in the treatment effects that arises due to differences in the intensity of HFT activity for stocks traded on the Chi-X platform. Specifically, we expect sensitivity to the aggregate European liquidity to be higher for stocks that are traded more intensely by multimarket high-frequency traders. To test for cross-sectional differences in liquidity co-movements, we split our sample by the median measure of HFT activity and introduce two dummy variables: High HFT Activity, equal to 1 for stocks with above median intensity of HFT activity, and Low HFT Activity, equal to 1 for those with below median intensity level. We then interact both of these dummies with our P ost dummy and estimate the following specification:
If our hypothesis holds, we expect γ 1 to be higher than γ 2 , which would suggest that EU liquidity betas exhibit larger increases for stocks that are traded more intensely by HFTs after Chi-X introduction. We use the same set of control variables as in our specification (2), and continue to allow for clustering of standard errors at the firm level.
We employ two proxies to measure the intensity of HFT activity: Chi-X market share and the Multimarket Trading measure, proposed by Halling, Moulton, and Panayides (2013) . We use the average monthly Chi-X market share as our proxy for liquidity supplying HFT activity, based on empirical evidence from Menkveld (2013): in his sample, around 70-80% of all Chi-X trades can be attributed to one large HFT that engages in market making both in the home market and on Chi-X. Moreover, Chi-X market shares jump to double-digit numbers with the HFT entry and drop almost to zero when it is absent from the market. Therefore, larger Chi-X market shares should correspond to a more intense market-making HFT activity in a stock. 
where V ol i,t is the change in the trading volume, calculated as the logarithm of the ratio of interval t to interval t − 1 euro (pound) trading volume. 23 We also control for the firm's stock return in the home market, ret, to account for unexpected volume that might be related to trad- . The higher the correlation in trading volume shocks between the two markets, the more intensive is the multimarket trading of this stock. Since trading across multiple markets requires costly technological investment and continuous monitoring, it is plausible to assume that multimarket trading between Chi-X and the home market is to a large extent driven by liquidity demanding high-frequency traders.
[Insert Table 8 approximately here] Table 8 We report our findings on the cross-sectional differences in liquidity co-movements in Table 9 .
The first three models use Chi-X market share and the last three models Multimarket Trading as our measure of HFT activity. For each of the two measures, we first present results for the total sample, followed by sample splits for down and up markets.
[Insert Table 9 approximately here] Interestingly, the coefficients on the interactions of both High HF T Activity and Low HF T Activity with P ost, γ 1 and γ 2 , are positive and significant for both measures of HFT activity, suggesting that liquidity co-movements with the European market significantly increase for all our sample stocks in the post-Chi-X period. Consistent with our expectations, we observe a larger increase for stocks with a more intense HFT market making activity, captured by a higher γ 1 coefficient for Chi-X market share (Model 1). In contrast, we do not observe any differences between stocks with high and low level of Multimarket Trading (Model 4). These results indicate that stronger liquidity co-movements with the aggregate European market after the introduction of Chi-X are mostly driven by market making activity of high-frequency traders across multiple venues.
Next, we split our total sample into subperiods of down and up markets, using the same definition as in the previous section. For Chi-X market share, we observe that γ 1 continues to be higher than γ 2 in down markets, whereas they have the same value in up markets. For Multimarket Trading, we do not find any differences for down markets, and γ 2 is even higher than γ 1 for up markets. These results are consistent with our findings for the total sample and imply that stronger European-wide liquidity co-variations in down markets arise due to correlated fluctuations in inventory portfolios of market making HFTs.
Robustness checks
Daily liquidity measures. As our first robustness check, we repeat our analyses from Tables 5   and 7 with two daily liquidity measures: the daily relative spread and the Amihud measure, illiq. 24
24 Please refer to Section 3.2 for detailed definitions of both measures.
Ex ante, it is not clear whether intraday liquidity co-variations also aggregate to the daily level. 25
However, daily liquidity co-variations might be of higher importance for institutional and retail investors, because they have longer trading horizons than high-frequency traders.
Since there is now only one observation per day for each liquidity measure, we can no longer estimate liquidity betas on the monthly basis and therefore re-estimate equations (1) and (3) to obtain β Home , β EU and β HomeExclEU for each stock and each quarter. Afterwards, we re-estimate our specification from equation (2) with each of the three betas as the dependent variable. P ost now takes value of 1 starting in the quarter when the country's Chi-X market share reaches 10%, and is zero otherwise. We also include firm size and average liquidity over the previous quarter as control variables. Panel A of Table 10 presents results. To conserve space, we only report the coefficient on P ost for each specification. The first three columns present results for the daily relative spread and the last three columns for the Amihud measure.
[Insert Table 10 approximately here]
For daily relative spreads, we observe an even stronger increase of 0.18 in EU liquidity betas after the introduction of Chi-X (Model 1). Consistent with previous findings, home liquidity betas are either insignificant (β Home ) or even become negative, after controlling for European-wide liquidity co-variations (β HomeExclEU ). Models 2 and 3 present the corresponding results for subperiods of down and up markets. As before, we observe the highest increases in EU liquidity betas in down markets, whereas they drop insignificantly in the periods of market booms. The findings for the Amihud measure are similar, with the economic significance being comparable to the intraday spreads. Overall, we find stronger European-wide liquidity co-movements for daily liquidity measures in the post-Chi-X period and thus conclude that stronger intraday co-movements also aggregate to the daily level.
Assessing benchmark treatment dates. In the next step, we conduct placebo tests to assess whether our treatment dates, based on the month when the average Chi-X market share for a given country index reaches 10%, provide reasonably sharp identification with respect to changes in systematic liquidity co-movements. In particular, we randomly assign our treatment dates between the first month of 2004 and the last month of 2014. Using 5,000 replications, we repeat our analyses from Tables 5 and 7 with 5-minute spreads and summarize the distributions of the coefficients and t-statistics on P ost in Panel B of Table 10 . We report the average, 5th and 95th percentiles across the 5,000 replications. We also report the percentiles of our actual estimates and t-statistics in the last row.
As expected, our average coefficients from the placebo regressions are close to zero for all specifications, with the 95th percentile not exceeding 0.01. Our actual estimates in the range of 0.03-0.07 fall within the 99th percentile of the distribution for all three liquidity betas, suggesting that they are significantly different from the placebo average. These results are also confirmed by comparing the actual t-statistics to its distribution from the placebo regressions in the lower part of the panel.
Conclusions
This paper examines the effects of multimarket HFT activity on systematic liquidity co-movements within a network of European markets. We use the staggered introduction of an alternative trading platform, Chi-X, in 11 European equity markets as our instrument for an exogenous increase in multimarket HFT activity. Our empirical identification strategy relies on the cross-country variation in Chi-X entry dates, which should alleviate potential concerns about general trends in liquidity commonality or concurrent, but unrelated, economic shocks. Importantly, Chi-X enables trading of all major European equities on a single trading platform, which was not previously possible at a comparable speed. Further, multimarket trading by HFTs between Chi-X and national stock exchanges connects individual markets in a single network, which should facilitate crossmarket liquidity spillovers and induce stronger European-wide liquidity co-movements.
Consistent with our predictions, we find that liquidity co-movements within the aggregate European market significantly increase after the introduction of Chi-X in a given country and are even higher than liquidity co-movements within the corresponding home market. We further show that European-wide liquidity co-movements are stronger in down markets and for stocks with a higher intensity of HFT market making activity in the post-Chi-X period. Overall, our findings are consistent with the notion that multimarket HFT activity induces stronger network-wide liquidity co-movements, thus making propagation of liquidity shocks easier across different markets.
Empirical evidence in our paper suggests that market participants and policymakers currently underestimate potential liquidity risks, generated by HFTs. Stronger network-wide liquidity comovements, especially during crisis periods, imply that equity markets are now more susceptible to negative liquidity shocks, exactly when such shocks are more likely to occur. Raising awareness of these risks should help institutional investors to manage their liquidity risks better and regulators to develop better policies aimed at the reduction of such risks on financial markets.
Appendix A
Chi-X Inclusion Date
This 
Appendix B Thomson Reuters Tick History (TRTH) Data Filtering
In the TRTH database, RIC is the main company identifier, similar to the ticker in the NYSE TAQ database. In this appendix, we provide details of our initial TRTH data cleaning procedure for filtering out RICs. First, we drop duplicate RICs, with the first character equal to 0. Second, we retain only RICs with T ype code equal to 113 or 256 to discard any non-equity assets. T ype 113 means that the asset is equity, and the corresponding RIC is the company's current RIC in use. T ype 256 means the asset is equity, but the company is using a different RIC now. Third, we drop RICs that do not end with ".L" (".DE", ".PA", ".AS", " .BR", ".HE", ".ST", ".OL", ".CO", 
Appendix C Variable Definitions
Variable Description Source
Chi-X Market
Share
Chi-X market share, defined as the ratio of the daily volume traded on Chi-X relative to the total daily volume traded on both Chi-X and the home exchange. 
.
We calculate illiq(avg) as the quarterly average of the daily Amihud (2002) measure.
TRTH
Low HFT Activity
A dummy variable, which equals 1 for stocks with below median intensity of HFT activity in our sample, and is zero otherwise. We use either Chi-X market share or Multimarket
Trading to measure intensity of HFT activity.
TRTH
Variable Description Source
Multimarket Trading
The Multimarket Trading measure of Halling, Moulton, and
Panayides (2013) 
, where A i,t is the ask price and B i,t the bid price prevalent for stock i on its primary exchange at the end of the 5-minute interval t. We delete observations with negative spreads or spreads exceeding 20%, and winsorize the upper and lower 1% of the qspread distribution to avoid outliers.
TRTH ret
The firm's stock return in the home market TRTH Table 2 : Sample Construction. This table presents details of our sample construction. Our initial sample consists of all stocks that constitute main European equity indices during our sample period, January 2004 -December 2014. We download the composition of these indices from the Thomson Reuters Tick History (TRTH) database. If the composition of an index changes, we keep both old and new index constituents for the entire sample period. We filter out RICs that appear to be erroneously reported as an index constituent by TRTH (Filter 1). See Appendix B for details of our data cleaning procedure. We further omit firms whose stock price is less than £2 at the end of the previous trading day for UK stocks and less than €2 for other European stocks (Filter 2). Finally, we retain a stock in a given month only if it is traded for at least 1,000 different 5-minute intervals. Panel A reports the number of distinct firms and Panel B the number of firm-month observations for each country in our sample. Please refer to Appendix A for country code abbreviations. 
, where β Home,i,m is the home liquidity beta, estimated for stock i in month m, and P ost is a dummy variable that equals 1 for all months after the country's Chi-X market share reaches 10%, and zero otherwise. We include the year-and country-fixed effects and allow standard errors to cluster at the firm level. Model (1) reports results for the total sample, Models (2)-(4) present results for sample splits by three country groups and Models (5) and (6) the corresponding results for subperiods of down and up markets. We classify months in the top tercile of the country's index return as up markets and in the bottom tercile as down markets. Please refer to Appendix C for a detailed description of variable definitions. *, ** and *** denote significance at the 1%, 5% and 10% levels, respectively. is the EU liquidity beta, estimated for stock i in month m, and P ost is a dummy variable that equals 1 for all months after the country's Chi-X market share reaches 10%, and zero otherwise. We include the year-and country-fixed effects and allow standard errors to cluster at the firm level. Model (1) reports results for the total sample, Models (2)-(4) present results for sample splits by three country groups, and Models (5) and (6) is the EU liquidity beta, estimated for stock i in month m; P ost is a dummy variable that equals 1 for all months after the country's Chi-X market share reaches 10%; and High (Low) HFT Activity is a dummy variable that equals 1 for stocks with the above (below) median intensity of HFT activity in our sample. Models (1)- (3) use Chi-X market share and Models (4)- (6) use Multimarket Trading to measure intensity of HFT activity. The vector of standardized control variables includes ln(f irm size), the log of market capitalization at the end of the previous month; qspread, the average relative quoted spread, calculated over the previous month, the year-and country-fixed effects. Standard errors are clustered at the firm level. Models (1) and (4) report results for the total sample, and Models (2), (3), (5) and (6) for subperiods of down and up markets. We classify months in the top tercile of the country's index return as up markets and in the bottom tercile as down markets. Please refer to Appendix C for a detailed description of variable definitions. *, ** and *** denote significance at the 1%, 5% and 10% levels, respectively. (3). P ost is a dummy variable that equals 1 for all quarters after the country's Chi-X market share reaches 10%, and zero otherwise. We include the year-and country-fixed effects and allow standard errors to cluster at the firm level. To conserve space, we only report the coefficient on P ost for each specification. The first three columns show the results for the daily relative spread and the remaining three columns for the Amihud illiquidity measure. Models (1) and (4) report results for the total sample, and Models (2), (3), (5) and (6) the corresponding results for subperiods of down and up markets. We classify quarters in the top tercile of the country's index return as up markets and in the bottom tercile as down markets. Please refer to Appendix C for a detailed description of variable definitions. *, ** and *** denote significance at the 1%, 5% and 10% levels, respectively. Panel B summarizes the distributions of the coefficients and t-statistics from placebo regressions, based on 5-minute spreads, in which we randomly assign P ost 5,000 times between the first month of 2004 and the last month of 2014. We report the average, 5th and 95th percentiles across the 5,000 replications. We report the percentiles of our actual coefficient estimates and t-statistics in the last row. 
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